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(54) Emissive element and display device using such element 



(57} An EL element (60) comprises an anode (61), 
a cattiode (67). and an emis6)ve element layer (66) In- 
terposed between the two electiodee. A TFT is connect- 
ed to the enode (61) at k8 eource electrode <d3s). The 
peripheral portion of the anode (61 ) and the entire region 
over the TFT are covered with a planarlzfng Irtsulating 
film (1 7), and a part of the exposed portion at the anode 



(61 } is connected to the emissive element iayer (86). Ac- 
cording Id the above ar/angemen|, It Is possible to pre- 
vent disconnection of the emlselve element layer (66) 
which may be caused by an uneven surface created by 
the thicKnese of the anode (61). and Id avoid formation 
or a short circuit between the anode (61) and the cath- 
ode (67). 
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Description 

BACKGROUND OF THE INVeNTlON 
1. Field ol the InvenUon 

tOOOll The present invention relates to a liSP'W 
Itoe usmo B self-kimlnous ei«n^enU and partcutorty to 
a display device using en electroluminescBnea elemert 
and a thin-llltn transistor. 



2, i5esciiption of the Related Art 

roD021 In recent years, eteclroluminescence (rel«'i«» 
to heilnaner as -EL-) display devices «""P';«'"9 
elements are regarded as devices that (nay replace CRT 
t^CD. Beaearch has l>een eon<k.cled for Ihe deval- 
cprnent of EL display devices using, tor «^«;!;P^*'" 
liim irenstelors (referred to hereinafter as Ttm as 
switching elements to drive the EL elenwnts, 
Sm3I FIfl. 1 ahows a plan view of a possible oonfifl- 
uralion of an active type EL display device, and Fjb- 2 
shows a cioss-aactional view taken along Una B-B of 

Sbi AS shown in Fig. 1 . e TFTte disposed near a 
lunctton of a gate signal una 51 with gate electrodes 11 
S^rS^lr, s'inal line 52. The drain of «rjs TFT la con- 
n«:tad to the drain signal line 52. and the gaU» c^ rte 
TFT la coimected to the gate signal line 51. Fortier. the 
I«irca oMha TFT is connected tc the anode 81 of an 

SiST!!^ showr. in RQ. 2. a di^^iay plxel 110 is 
fanned by aeouantlatly laminaiinfl a TFT and en organic 
SSnLnllS;. Siibstrate lO which may be a sul«lrate 
^e of alas* gt synthetic resin, a conductive sut«tr«e. 
STa wmteondi^tor substrate. When a conductive sub- 
a^emiconductorsul^trate is.jsedas thesut>- 
sttaie 10. an msulaiing film made of mateiiaia such as 
SIO. or SIN Is depoatted before the TFT is lormoa 
SSn Gate elae^es 11 made of refractory rrjetal 
S«hia Chromium (Cr) are first tomied on the InajJlatcr 
^strale 10. Subsequently, a gale insuiahng i.im 12 
^lln activo layer ia composed of p^l mm are sa- 

5'S^,„rS.ve.ayaria.ch.nnelsi3care learned 

n a DoaWon above the gate electrodes 11. ion doping 
E^e'^rSd using .topper in«.latlngiiimi4fcr™^on 

The^ channels i3c aa ma«i«. Regions on bMh a--s 
the gate electrodes 11 are then covered with a resbU 
and further ion doping ia conducted. As a resuW. 
concentration regions 13LD are disposed on both a^s 
of the Channels 13c Furthermore, aaouica 13* «'»^ » 
rtrain isd wWch are high-coneemrBllon regions. «a 

Sons 1 3L0, re3pec«.ely. The described stiudure Is ^ 
so^lled LDD (Lighily Doped Drain) structur«j. 
roOOSl Subsequently, an Interteyer ^nsulanngfllin 15 
S^SJteh* a sequential lamination of a Sip, film, b SttM 



1l)m arKJ a SiOgtHm Is formed to cover the enflie region 
over me gale insulating ftim 12, the ©dive layer 13, ar^ 
ttie stopper insulating film 14. A conloct hole lormed With 
respect to the drain 1 3d Is filled with metal such w alu^ 
5 minum (Al) to provide the drain elecifode 1 6, A planarlz- 
Ing Insulating film 17 consisling of, tor example, organic 
resin Is tormed over the entire surface, pianarcmg ine 
surface. A ooniact hole is formed In the planenzlng in- 
sulating mm 17 at a location corresponding to the source 
TO las, and en anode 81 of an EL element Is then lormed 
ovei the plarwri^mg insulating turn 17 through the con- 
tact hole. The anode 81 Is composed of ITO (indUim Tin 
Oxide), and aimultaneously serves as the source eiac- 
iKKle through li» conted with the source 1 3s via the con- 

15 tad hole. , , _ 

^00091 Subsequently, an EL element 60 is formed on 

the aiwde 61- , . . . 

rooiOl In the organic EL element BO. holes Injeded 
the anode 8i and electrons Injected from the cath- 
30 ode 67 tecombine In the emissive layer which Is one lay- 
er within the emissive elemenl layer 66 including organic 
compoundfi. As a result, organic molecules constituting 
the emIssWe layer are ejtciiod, generating exdtons. 
Through the process in which these excllons undergo 
2S radiation until deactlvalten» light Is emitted from the 
emissive layer. This light radiates outward through the 
side ol the transparent arw?de 61 via the transparent in- 
sulator substreiB 10, resulting In light emission. 
[00111 When the EL elEmont 60 is fbrmed as de- 
so scribed above, the ©missive element layer 86 deposited 
over me anode ai Is extremely thin, generally at a ihlck- 
ness of approximately leas than 20OO A. Tiw emissive 
element layer 88 ttierelore provides P<»r coven^ a 
uneven portions on the planarizing Insulating film 17 at 
33 the peripheral portions of the onode Si (Indicated by ar- 
rows). The poor ooverage may also lesuU at irregulaif- 
tips in the surface created by the TFT through, for ex- 
ample, the thlcKnesa ol (he Al wiring, A problem extete 
where the emissive element layer 66 becomes dlscon- 
40 nected. and the cathode 67 dlsposedover the err^^ 
eiefY^ent layer and the arwde 61 forms a short dittift at 
the disconnected portion. In such cases, pixels produce 

def idem displays. , , ..^-^^ 

[00121 Another oxlsllfig problem is that an electric 
45 field becornes concentrated atlheuTievenpoiltonscr^ 
ated by the thickness ol the anode 61 , especially at the 
edoes on the peripheral portions of the anode 61 , there- 
by^eeding up the deterlordlon of the embalve layer 
[00131 Afurtherdisadvaniagetelhaisomeoriheemtt' 
so ted light irradiates the Tf=T underneath the emissive el- 
ement layer. Because of such light, leakage current of 
the TFT increases, and stable TFT charatterlstfcs ana 
stable display cannot be achieved- | 

I 

S5 SUHi»MABYOFTHEINV€MTlON j 

[00141 The present Invention was created In light ofj 
the above existing dtsedvantages. The purpose of thei 
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pr«5«nilnvenUon is to prevent formattonot snort circuits 
between the cathode efvcl the anode due lo disconnec- 
tion in the emissive element caused by the thickness of 
the anode. Another purpose of the present invention e 
10 provide fin EL element and an EL display device 
which reduces deierlorallon of the emteslve layer due lo 
conceniiaiton Of electric tieW at the edges ol the anode 
and which achieves ©table display by preventinfl light 
from ihe emissive element layer from reaching the TFT. 
[00151 The emissive element or the display device of 
the preeer\t invention comprises an emteslve region 
formed by iaminatino a first electrode, an emissive ele- 
ment layer, end a second electrode. An insulating film 
Is dfeposed on at least a peripheral portton of the first 
eleciTode to separate the first electroda fiom the emis- 
sive element layer and/or the second electrode, 
[0016] According to another aspect of the present In- 
vention, each pijiel In the display device is provided With 
the emissive element. Moreover, the first electiode la 
separately formed for each pi^el, and a peripheral por- 
tion of each of the separately formed first electrodes is 
covered by the Insulating film, 

[00171 a '^'^^^^ ^pooi ot the present Invention, the 
insuiaUng tllm Is disposed between the fiiat eteclroda 
and the emissive element layer. 
[OOld] In a dlKcrenl aspect of the present Invention, 
me insulating film overlaps the first ciectrode along the 
entire peripheral ponk>n outlining the first electrode. 
rooiOT By providing such Insuleting film between the 
tirslelBCtrode and the emissive element layer andtor the 
second electrode. It is possible to prevent problems oc- 
currli^ at the uneven portfen created by the thickness 
of the first electrode, sirch as disconnection of the over- 
Iving emissive element «ey«r or the second electrode, 
and for matton of short circutl between the first and the 
second electrodes. Furtf^ennore, the insulatJrjg layer 
covering the peripheral portion of the first electrode re- 
duoea ooncentrotton of etectrte fleld at this peripheral 
Dortfon. and thereby reduces characteristics deierto<ra. 
Hon of the overlying emisshfe element layer. The effert 
of reduction In characteristics oeteriorallon Is enhanced 
especially when the enttoe peripheral portion oLitilning 
the flfsl electrode 5s cxivered with the insulating film. 
[00201 According to another aspect of the present In- 
vention, the Insulating film In the emissive eter^l^"* 
the display device covers a peripheral portion of the tlrst 
electrode, and Includas an opening over the associated 
first electrode. An edge portion of the opening forms a 



[00211 In the present invention, the edge portion ol the 
opening slopes at. for e^^ample. an angle ot elsvatton 
between 20* end 60" with respect to the horizontal plane 
of theflrateleetrodo. 

100221 in a different aspect of the present mventten. 
the embshw element is an cleclrolumlnescer«e ale- 

1^31 This element emRs lighl by oomrolling eleclrlc 
field. An element using an organlooompound In hs emis- 



sive element layer, namely, an organic EL elemenl, may 
be employed as the emissive element of the present In- 

ventton. 

[ooafll According to a further aspect of the present m- 
5 ventton, the first electrode In the emtesh^ element or 
the display device is connected to a thin-lilm transistor. 
[0025] In a further different aspect, the first electrode 
of the emissh/e element Is positioned as a layer above 
the ihin-fiim transistor v^fiih an Insulating layer placed be- 
70 tween the ihln-flim transistor and the first electrode for 
providing inlerlayer isolation. 

[0026] According to this arrangertwnt having a thin- 
film transistor connected to t^e lirsl electrode Of Ih© 
emissive elemenl. light emission of the emisshre eie- 
is mem can be controlled by the ihln-iiim transistor. When, 
for example, each pbtei of a display device is provided 
with the emissive element and such a thin-tlim transistor, 
tight emission of each pixel can be controllad Individu- 
ally, achieving a high-iesolutlon display. 
20 [0027] Another aspect of the present Invention Is that 
In the above emissive element or the display devtee. the 
insulating fHm disposed on at least a peripheral portion 
of the first electrode end separating the llrsi electrode 
from the emissive layer and/or the second efeolrode Is 
3 a pianarlzing Insulating film, 

[00201 By separating the flrst electrode from the emis- 
sive layer and/or Une second electrode with a planarlzlng 
Insulating film, concenlretton ol electric field at the pe- , 
ripherel portion of the first electrode can be prevented. | 
30 At the same flme, as levelness Is enhanced on the upper 
surface of the planarizing insulating film, disconnection, 
formation of short drcufts, and concentration of etectfte 
field due to irregularities In the surffsce can be prevented 
In regions other than the peripheral portion of the Ural 
w electrode. ^ ^ ^ . 

[0029] A cttfferanl aspect of the present Invention t& 
thaL in the etnisslvo element or the display device, the 
insulating film covering at (east a peripheral ponton Of 
the first electrode Is colored. ^ ^ 

40 [00301 The coloring m the present Invention 19. fores- 
ample, black. , . 
I0Q311 In a further aspectof the present Invention, the 
Insulating film covering at least a peripheral portion ot 
the first electrode possesses a light-shleCdlng property 
45 and/or a llghi-abaortMng ptoper^- 

[0032] Another different aspect of the present Inven- 
tion is that, m the emteslve oiementor the display dsvcca, 
the insuiaiing Aim coverir^ at least a peripheral portion 
of the first etecirode further covers a region where the 
50 thin-film transistor connecting with the first electrode is 
farmed. 

[0033] By coloring the Insulating film covering a pe- 
ripheral portion of the first electrode black, the ooniraat 
ratio with respect to the region not covered by the insu- 
55 feting film can be increased. Lighten lelding anC/orl^m- 
absorbing properties of the insulating film can prevem 
externol fight or reflected light from the second etectrode 
from entering other adjacent phiels which can result in 
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display blurs dnd, In the case of a color display, deteri- 
oration of color purity caused by mi^ttng of colors Tram 
other pixels. Furthermore, light-shielding and/or light- 
absoiblng properties of the insulating film allows pre- 
vention of hBrmfuf effects on the operation ot the TFT 
driving the emissive etemenL That is, if fight trom the 
emBSive element layer reaches the TFT, leakage cur- 
rent or the TFT is likely to increase. At the same time, 
light from the emissive element layer is also prevented 
fromdetourlng Into and Irradiating adjacent display pix- 
els after being reflected off the cathode. Accordingly, an 
EL display device with an ephanced display quality can 
t>e provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] Fig. 1 is a plan view illustrating an example of 
a related art of active type EL display device. 
[0035] Fig. 2 shows a cross-sectional view of the £L 
display device of Pig. 1 taken ak>ng line B-B* 
[0036] Rg. 3 shows a plan view of an EL display de- 
vice according to b first embodiment of the present in- 
ventkin. 

[0037] Pigs. 4 A and 4B show cross sectlonel vlevra of 
the £L display device according to the first embodiment 
of the present Irivenlion. 

[003B] ¥\q, 5 is a diagram illustrating an example cir- 
cuit configuration in each pixel of the EL display device 
of the present invention. 

[003d] Fig. 6 shows a plan view of an EL display de- 
vice according to a second embodiment of tfie present 
Invention. 

[0040] Fig. 7 shows a cross-sectional view of the EL 
display device according io the second emlx)diment of 
the present Invention* 

[Q041] Pig, a Shows a cross-seclional view of Ihe EL 
display device according to a third emt>odiment of the 
press ni Inventton. 

DEBCRtPTION OF PnEFERRED EMBOC^IMENTS 

[0042] The display device of the present invention will 
now be dssorlbed as embodied in an organic EL display 



<Flr6t Embodimefit> 

[0043] Fig. 3 shows a plan view around a display pixel 
of an organic EL display device. Pig. 4A shows a cross- 
sectional view taken along line A-A \n Fig, 3. and Fig. 
4B fllusiraies a cross-sectional view taken along line 6- 
B in Fig. 9. 

[0044] As shown In Pigs, a, 4A, and4B, a display pbcef 
11 0 Is formed in a region surrounded by gate sfgnal tines 
51 and drain sigrkai lines 52. The pixels liOare arranged 
In a matrix. 

[0045] The display pixel 110 Includes an organic EL 
element 60 which Is a 8etf-lumirK>us element, a switch* 



ing TFT 30 for controlling the timing for supplyirtg current 
to the organic EL element 60, a driving TFT 40 for sup^ 
plying Current to the organic EL element 60, and a stor- 
age capacitor. The organic EL elennent 60 comprises am 

s anode 61 which is the first electrode, an emissive ele- 
ment layer 66 including emissive material, and a cath- 
ode 67 which Is the second electrode. 
[0046] The first TFT 30 (for switching) Is disposed 
f^ar a Jundton of the two signal lines 51 , 52. The source 

10 33s of the TFT 90 serves as me capacitive electrode 55 
that provides capacitance in cnnjunctlon vrlth a storage 
capecllor electrode line 54. The source 33s is connected 
to the gate 41 of the second TPT 40 (lor driving the £L 
elemervt). The source 43s of the second TFT Is connect- 
ed to the anode 61 of the organic EL element 60. The 
drain 43d, on the other hand. Is connected to the drive 
povwr line 53 which supplies power to the organic €L 
element 60, 

[0047] The storage capacitor electrode line 54 Is ar- 
20 ranged in parallel With the gate signal line 6l . The stor- 
age capacitor electrode line 54 may t>e mada of chro- 
miurn, and capacitance is formed by storing electric 
charge between the capacitive electrodes SS connec:ted 
to the source 33s of the TFT via the gate insulating film 
25 12. The storage capacitor is provided for retaining tl>e 
voltage applied on the gate electrode 41 ofihe secortd 
TFT 40. 

[0046] As shown in Pigs. 4A and 46, the organic EL 
display dffvice Is formed by sequentially lamlnatirig TPT 

9o Sind the organic EL element on a sutistrate 1 0 which may 
be an insulator substrate n^e of glass or synthetic res- 
in, a corKtuctfve sut>strete, or a semiconductor sutv 
Strate. When a conductive SutTslrate ore semiconductor 
substrate Is used as the substrate 10, an Insuiating film 

ss made of materials such as BlOg or SIN Is deposited on 
the substrate 1 0 before forming the first ar>d the secortd 
TFT and the organic EL element. Both of the TFTs have 
the so-called top gate structure wherein the gate elec- 
trodes are errartged over ttie active layers with the gate 

*o insulating film disposed in between. 

[0049] The first TFT 30 for switching will now be de^ 
scritied. 

[0050] As shown in Fig. 4A» anfiorphous silicon film 
(referred to herelnefter as *'e-SI f ilnV) is grown by CVO 

^ or a slmflar method on an insulator substrate 10 which 
may be nnade of quartz glass or non-aMli glass. The »- 
Si film is Irradiated with a laser tiesm for melting and 
recrystalllzatlon InIO a potycrystalllne silioon film (re- 
ferred IO hereinafter as 'p-SI film"). This film serves as 

so thB active layer 33. Ove r this layer, a single layer of StO^ 
* film or SIN tOm, or a lamination of those films. Is fdrmed 
to create the gate Insulating filmJ32. Disposed further on 
top are the gate signal lines 51 also serving as the gate 
electrodes 31 which are made of refractory n^etal such 

ss as Ci and Mo, and the drain signal lines 52 cornposad 
of Al. Also arranged are the drive pov^rer lines 53 corn- 
posed of Al for supplying drive power lo the organic EL 
element 
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[0051J In the active layer 33, channels dsc are posi- 
tioned below the gate electrodes 31 . Ion cooping is per- 
tormed using the gate electrodes 31 formed above the 
channels 33c as mesks. Regions on both sides of the 
gale electrodes 31 are then covered with a resist, and 
further ion doping is oonducted. As a resull, low-ooncen- 
tratlon region^ saLD are disposed on both sides of the 
channels 39c. furthermore, a sour<» 33s and a drain 
33d, whSch are hlgh-ooncentration regions, are formed 
on the outer sides of the low-concentration reglor^ 
33LD, respectively. The descril»ed structure is the so- 
called UDO structure. 

[0052] SutisequentS/t an interlayer Insulating film 15 
comprising a sequential lamination of a Sl^ film, a SIN 
ilim, arKj a SIO^ film is formed 10 cover the entire region 
over the gate Insulating Him 32 and the active layer 33. 
A contact hole formed wlih respect to the drain 33d is 
filled with metal such as Al to provide the drain e lectrode 
33. Furthermore, a planarizing insulating film 1 7 consist- 
ing of organic resin Is formed over the entire surface, 
planarizing the surface. 

[0053] The second TFT 4 0 for driving the organic EL 
element will next be described. 
[0054] As shown in Fig. 4B. an acthre layer 43 Is 
formed using p-SI film obtained by irradiating a-Si film 
with a laser beam and allowing It to poiyciystelllze on 
sn Insulator substrate 10 which may be made of quartz 
glass or non^alKaB glass. Sequentially formed over this 
leyer are a gate insulating film 32 and a gete electrode 
41 composed of a refractory metal such as Cr ar>d Mo. 
In the active layer 43, channels 43c are provided, and 
a source 43s and a drain 4dd are formed on both s£des 
of the channels 43c, respectively. An interlayer insulat* 
Ing nim 1 5 comprbtng a sequential lan^ation of a StOs 
tllmi a SIN film, and a SEO2 film Is formed io cover the 
entire region over the gate Insulating film 32 and ttie ec^ 
tive layer 43. A contact hole formed vt^Uh respect io the 
drain 43d Is filled with metal such as Al to pn)vld9 a drive 
power line 53 connected with a drh^e power supply. In 
addition, a planarizing Insulating film 1 7 consisting of, 
for example, organic resin is formed over the entire sur^- 
face, planarizing the surfaos, A contact hole Is formed 
In the planari2ir)g trisulatcng film 17 at a tocatlon corre- 
sponding to the source 43s. end 0 transparent elecirode 
composed of ITO and contacting the source 43s via the 
contact hole, nan%ely» the anode 61 of the EL element, 
is formed over the planarizing insulating film 17. The an- 
ode 61 Is separate ly formed for each display pl»ol in the 
form of discrete Islands. 

[00$s] Ae shovim by slanted lines In Rg. 3, an Insulat- 
ing film 19 ts disposed so that ^ e<^e pontons He on 
the peripheral portion of the anode Si . The insulating 
lilm 19 overlaps the anode 61 along the entire pertphery 
of tha anode 6I. In other words, an insulating film 19 
having an Opening in a region corresponding to a portion 
of the anode 61 is formed over the anode and the 
planarbing insulating film 17. Accordingly, at the periph- 
eral portion of the anode 61, the insulating film 19 sep- 



20 



28 
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aretes the peripheral portion of the anode 61 from the 
emissive element layer 66 end the cathode 67, The in- 
sulating film 19 B formed such that the emissive layer 
does not become disconnected due to an uneven sur- 
face created by the thickness of the anode 61 at Its pe- 
ripheral portion, and such that concentration of electric 
f^eld does rrat occur at the peripheral ec^es of the anode 
61. It is sufficient II the insulating film 19 separates the 
peripheral portion of the anode 61 from one of either the 
emissive element layer 66 or tne cattKKSe. The Insulating 
film 19 may be composed of a single layer of SIC^ film 
or SIN film, or a lamination of those films. The Insulating 
film 1 9 may also be a planarizing film composed of SOG 
film, or a piartarl^lng insulating film made of photosarv^ 
sKlve resin. It Is preferable to employ a planarizing Insu- 
lating film as the insulating fflm 19 because the cathode 
67 can then be tormed flatly in an overlying layer, pre- 
venting disconnection. 

[0053] The insulating film 1 9 has an opening over the 
anode 61 , and the edge portion of the opening forms a 
slope with respect to the Surface of the anode 61. it Is 
preferable that the angle of elevation of the slope is of 
such a degree that the emIasNe element layer 66 
formed over the enodeai does not become disconnect- 
ed near the edges of the opening of the Inaulat^g film 
19. When the artgle of olevaition b too small, the area of 
the anode 61 covered by the insulating film 19 is eiv 
larged, leaving only a small area for light emission. 
When the angle or elevatbn la too large, the emissive 
elemem layer 66 may become dtoconnecied. The angle 
of elevation (91) is therefore set between 20*" and 60*. 
The angle of elevalionei Is preferably between 30* and 
70", more preferably between 30* and 60"^ and most 
preferably between 40* and 50*. 
{0057] The emissive element layer 66 end the sec- 
orKJ, cathode 67 are overlaid on the Insulating tlim id 
and the anode 61 exposed from the opening in the In- 
sulating film 19. 

[0056] it is to be noted thai the Insulating fitm 1 9 is not 
transparent bui colored. The coloring is posstoie by. for 
example, applying resin such as a color resist. The color 
used for the coloring may be any color that can shield 
the emitted l^hL but Is preferably black, lisbig biacCi al- 
lows absorption of light travelling to the metal oathoda 
' 67 and reflecting off the cathode 67. Accordingly, even 
In the case of an extremely fine EL display device Cn 
which adjacent display pbtels are located very dose to- 
gett^r, light from an emissive element layer of other ad- 
jacent display pbtels can t>e prevented from beb^ re- 
flected off the cathode of a surrounded pixel artd detoui^ 
Ing Into the pbcel. 

[0059] The cotorlng of the Insulating film may also b© 
implemented by miiting, for example, black pigment into 
a resist comprising a viscous resin, and applying the re- 
S^ 

[003011 According to the at^ovo-described structure, 
the openir^ 6B which serves as the contact hol» in the 
insulating film 1 9 corresponds to trie white portion with- 
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out slanted lines in Fig. 1. The insulating film 19 overlaps 
the anode 61 at the peripheral portion of (he anode 61. 
[0061] The organic EL element 60 is formed by first 
laminating the anode 61 con&tltJted by a trer^sparent 
electrode made or iTO or similar material. The emissive 
element layer 66 \s then superimposed. The emissive 
element layer 66 comprises a first hole-transport layer 
62 composed of a material such as MTD ATA. a second 
hcle-trenspon layer 63 composed of a material such as 
TPD, an emissive layer 64 In the form of discrete Islands 
composed of, for example^ Bebqj including quinacri- 
done derivatfves, and en electron transport layer 65 
composed or Bebqg or slmiler material. Subsequently, 
the cathode 67 Is formed which may be composed of a 
laminaiEon of lithium fluoride (LIF) and At. an aHoy of AT 
and Ll» art alloy Of magnesium (Mg) and sliver (Ag), or 
an BbOy of Mg end In. All of the Btx>ve-menlioned layers 
of the organic Et element 60 are laminated fn the de* 
scribed order. The region wfiere all these layeis overlap 
Is the emissive region. By selecting materials that errdt 
light of particular cotors as the emissive material used 
In the emissive element layer 66, especially In the emis- 
sive layer 64, display pixels can be made to emit light of 
the respecihw colors. The organic EL display device Is 
formed by arranging those display pixels of the respec' 
thre colors in a metrlK. 

[0062] An example Of the electrical conflguraiton of 
each of the pixels in the organic EL display devloa is 
shown In Ffg. 5. Referring lo Pig. 5, the switching TR" 
30 is turned on when a gate signal ts applied on the gate 
electrode 31 via the gate signal Bne 91. As a result, a 
drive signal from the drive signal line &2 is retained a 
capedtor 90. The retained voltage Is then supplied to 
the gale electrode 41 of the driving TFT 40. The drain 
electrode of the TFT 40 to connected to the drive power 
line 53, as described above. The TFT 40 aiEows current 
to be supplied from tha drive power supply to the EL 
element 60 by an amount corresponding to the capaci- 
tor-held voltage applied to the gate electrode 41. The 
EL element 60 emits light accordingly. 
[0069] Providing the insulating film 19 at the periph- 
eral portion of the anode 61 as described prevents dis- 
connection of the emissive element layer 66 due lo un- 
even porttons created by the thici<ness of the anode 61. 
and therefore prevents formation of a short ctrcult be- 
tween the anode 61 and the cathode 67. Furthermore, 
the insulating layer 19 reduces concentration of electric 
lield at the edges of the anode 61 , Iheretiy suppressing 
deterioration of the emissive element layer 66. 
[0064] In eddftfon^ by providing the cobred insulating 
film Id over a region Including the peripheral portion of 
the transparent ar>ode and the areas over the TFT, Mght 
emitted from the emissive element layer 66 Is prevented 
from reaching the TFT underlying the emissive eienf>ent 
layer 66. increase In leal^ge current of the TFT cen 
thereby be avoided. 
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<Seoond Embodiment> 

[0065] Pig, 6 is a plan view of one display pixel of an 
organic EL display device Including en organic EL ele- 
ment and TFT according to an embodiment of tne 
present Invention. Fig. 7 shows a cross-sectbnai view 
taken along line A-A In Fig. 6. 

[0066] The present emtiodimant differs from the first 
embodiment In that only one TFT is provided Jor driving 
the EL element 60. and that the anode 6i Is formed over 
the interiayer insttiatlng film 16. 

[0067] As shown in Figs. 6 and 7, TFT SO Is dispoeed 
near a jurwiton of a gale signal line 51 and a drain signal 
line 92. The source 1 3d of the TFT 30 is connected to 
the anode 61 of the organic EL element 60. 
[0068] As shown In Rq. 1, the display pixel liO Is 
termed by sequentially larrtinatlng TFT and an organic 
El element on e substrate 1 0 which may be an Insulaxoff^ 
substrate made of glass or synthetic resin, a conductive 
substrate, or a semlconduclDr substrate. When a con- 
ductive substrate or a semtconductor substrate Cs used 
86 the substrate 10, an insulating film 92 made of ma- 
terials such as SiOj or SIN is deposited on the sutffitrate 
10 before forming the TFT 

[0069] As shown In F^. 7, gate electrodes 11 oom- 
poeed of refractory metal such as Cr or Mo and a gate 
signal llr\e 51 connected to the gate electrodes 11 era 
formed on the irYsulator sutislrate 10 which may be 
mads of quatt2 glass or rwn-alkall glass. 
[0070] Subsequently, a gate Insulating film 1 2 and an 
active layer 13 made of p-SI film are sequentially 



[0071 ] in the active layer 13, channels 1 3c are formed 
In a posltian above the gate elsctrodas 11. ion dop4r^ 
is performed using stopper Insulating film 14 formad on 
the channels 13c as masks. Regbns on both sides oP 
the gate electrodea 11 are then covered with a resist^ 
and further ion doping is Conducted. As a result, low- 
concentratKin regions 13L0 are disposed on txith sldsa 
of the channels Idc. rutthermore, a source 13s and a 
drain 13d, which are h^h-concentratlon regions, are 
Id rmed on the outer sides of the tow-ooncentratton re- 
gcons 13LD, respectively. The described structure Is the 
so-called LDD structure. 

[0072] Subsequently, an Intenayer Insulating film 15 
comprising a sequential lamlnatton of a SiO^fMm. a SIN 
film, and a SlO^fllm is formed to cover the entire region 
over the gate Insulating film 12, the active layer 13, and 
the stopper insulating film 14. 

[0073] On top of the Interlayer Insulating lllm 15, an 
artode 61 Is formed which Is a transparent etecfrode 
composed of a transparent conductive material such as 
ITO. Subsequently, contact holes formed with respect 
to the drain 1 3d and the source 13s are filled with metal 
such as At to provide the drain electrode 16 and the 
source electrode 16. It Is to be noted that the source 
electrode 16 is made to contact the transparent arwde 
61. 
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[0074] A pianarlzing Insulating film 17 composed of 
reeln is then formed over the entire region covering the 
Anode 61, the source electrode 18, the drein electrode 
16| and the inter layer insulating film 15, thereby 
planarizing the surface. An opening is formed In the 5 
plenerizing insulating film 1 7 at a localion corresponding 
to the anode 61 . As shown l^y slanted lines in ^ig. 6. the 
opening is aligned such that the planarizing insulating 
film 1 7 covers at least the peripheral portion of the anode 
61. JO 
[0075] It Is to be noted that the planarizing Ir^ulating 
mm 17 is not transparent but coJorsd. The coloring i$ 
made podsfcle by, for example, applying resin such as 
B color reslsu The color used for the coloring may be 
any color that can «hiekj the emitted light, but Is prefer- is 
ably black. Using black altows absorpinn of light that 
travels to the mstaf cathode 67 and refJects off the cath- 
ode 67. Accordingly, even in a case of an ertremely fine 
EL display device where adjacent display pixels e^ K>- 
ceted very ctose together, light from an emissive eie- zo 
ment layer of adjacent display pixels car\ be prevented 
-rrorn being reflected off the cethode or a surrounded pix- 
el and detouring Into tlie pbcel. 

[0076] The coloring on the Insulating film may also be 
Implemented by mixing, for example, black pigment into 
a resist comprising a viscous resin, and applying the re- 
sist 

[0077] By providing such colored planarizing insulat- 
ing film 1 7 over a regton Including the peripheral portions 
of the transparent anode and the area over the TFT, light 30 
emitted from the emissive element layer 66 is prevented 
from reaching the TFT underneath the emissive element 
layer 66. Increase in leakage current Of the TFT due to 
light from the EL element 60 can thereby be avokled. 
[0076] Further, at the peripheral portion of the anode ^ 
61, the side wall of the opening fn the planarizing insu- 
lating film 17 forms a slope wkh respect to the surface 
of the anode 61 , generating en angle of elevation 02 wkh 
respect to the anode 61. 

[0079] h Is preferebte that the angle of elevation is at 
a degree such that the emissive element layer GP 
formed over ihe anode ei does not become disconnect- 
ed due 10 the an uneven surface at the opening 6B. 
When the angle of elevation is too small, the area of the 
anode 61 covered by the planarizing Insulating film 17 
is enlarged, leaving only a small emissive area. When 
Ihe angle of elei^ation is loo large, the emissive element 
layer 66 may become disconnected at the uneven sur- 
face at the opening 66. The angle of elevation (Bz) is 
therefore set between 20* to 60*. The angle of elevation so 
02 Is preferably between SO" and 70^, more preferably 
between 30* and 60*. and further preferably between 
40* and 50*. 

tOOeq When Ihe ineulailng film 17 Is mode of photo- 
sensitive redln» the slope of the Insulating film 17 can be ss 
formed by performing annealing after exposing and da- 
vek>plng predeterminecf areas using a mask. When the 
Insulating film 17 Is a SOG film, the slope can be formed 



40 



by performing dry etching on the film 17 using a chlorine 
class etchant gaa. 

[0081] The structure of the organic EL element 60 is 
similar ro the above^scrlbed first embodiment Provid- 
ed behween the anode 61 and the cathode 67 in the re- 
gion covering the opening 66 of the insulating film 17 Is 
Ihe emissive element layer 66 which comprises, for ex- 
ample, a first hole-transport layer composed of MT DA- 
TA, a second hole^iranspoft layer made of TPD, an 
emissive layer made of Bebq^ including quinacrMone 
derrvatives, and an electron transport layer formed of 
Bebq^. The emissive element layer 66 connects to the 
anode 61 through the contact hole (opening) fornrted In 
the planarizing insulating film 17. 
[0002] In the organic EL element, holes Injected from 
the anode and electrons Injected from the cathode re- 
combine Within the emissive layer. As a result, organic 
molecules constituting the emissive layer are excited, 
genararmg excltons. Through the process in whksh 
these excUons undergo radiation until deactivation, light 
IS emitied from the emtestve layer. This light radiates 
ouhnrard through the transparent anode and the trans- 
parent Insulator substrate, resulting in light emisston, In 
the present embodiment, the emhted light ot the EL 
ement shines downwardly. 

[0063] Providing me planarlzino Insulating film 17 at 
the peripheral portion or the ar>ode 61 as de8crit>ed pre- 
vents disconnection of the emiealve element layer 66 
due to uneven portions created by the thickness of the 
anode 6i, and therefore prevents formatton of a short 
circuit between the anode 61 and the cathode 67. Fur* 
thermore, the planarlzlrtg insulating layer 17 reduces 
concentratk>n of electric field at the edges of the anode 
61 , thereby suppressing deterforatlon of the emissive el- 
. ement layer 66. Moreover, by provkling the colored In- 
sulating film 19 over a region Including ai least the pe- 
ripheral portion of the transparent anode and the area 
over the TFT, light emitted from the emissive element 
layer 66 Is prevented from reaching the TFT underneath 
the emissive element layer 66. Increase In leakage cur- 
rent of the TFT can thereby be avokled. 

<Th|rd Embodiment> 

[0064] Fig. 6 Is a cross-seclbnal view of an organic 
EL display device according to a third embodiment of 
the present Invention. The plan oonfiguratnn of this em- 
bodimenl is identical with the above<lescribed F^. 6t. 
and Fig. 6 shows a cross-sectional view taken along line 
A-A In Fig. 6. 

[00D5) As shown In Pig, 6. the present embodiment 
differs from the second e'n^bodlment mainly in the atruc- 
ture between the source region ids of TFT 30 and the 
anode 61 of the ELefement. In the present emtxxjimem, 
the contact holes lormed In the Inlerfayer insulatrig film 
15 are filled with metal such as Al to provkto the drain 
electrode 16 and the source electrode 1 8, The planariz- 
ing insulating film 17 is then deposited to planarize Ihe 
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surface. A contact hole formed in the planarlzing In- 
eutating tilm 17 at a location corresponding to Che scuice 
electrode. Through this contact hols, the transparent 
eJeclrode 61 Is formed which is composed of a transpar* 
ent conductive material auch aa rro. SubsequenUy, the ^ 
insulating film 19 la disposed over an extended area so 
as to overlap the peripheral portions of the traneparent 
electtode. To summarize, the anode 61 Is formed over 
me planarlzing Insutatlng film 17. and the insulating mm 
1 9 is formed coverini^ the peripheral portion of the anode io 
61. In other words, the presem embodpfnent differs from 
the second embodiment WXtAt the trar^^parent elec- 
trode 61 is disposed in s dWeient layer above the drain 
eleclrode 16 and the source electrode 1£ separated l^y 
the planarlzing Insulating film 1 7. is 
[0OB6] At the peripheral portion of the anode 61 , the 
insulating film 19 formv a slope with reaped to the sur- 
face or ihe anode 61. It is preferable that this angle of 
elevation is of such a degree that the emissive element 
layer 66 formed over the anode 61 does not become 
disconnected. When the angte of eJevalton is too small, 
the area of the anode 61 txivered by the insulating film 
19 Is enlarged, leaving only a small area for light emis- 
sion. When the angle of elevation Is loo large, the euv^- 
sive element layer 66 may become disconnected, The 
angle oT elevation (63) Is therefore set between 20" to 
BO*". The ar^gle Of elevation ©3 ts preferably between 30* 
and 70". more preferably between 30* and 60**, and 
most preferably between 40*" and 50*. When the angle 
of elevation Is too small, the area of the anode 61 cov- 30 
ered by the irtsulating film 1 d is enlarged, while, when 
the angle of elevation Is too large,, the emissive element 
layer 66 may become dieconnecied. 
[OOeT] it Is to be noted thai the fr^sutatlng lilm 1 9 is not 
transparent but colored. The coloring Is possible by» for ss 
example, applying resin such as a color resist. The coior 
used for the coloring may be any color that cen shield 
the emitted light, but is preferably black. Uaing black al- 
lows absorption of light that travels to the metal cathode 
67 and reflects off the cathode 67. Accordingly, even in *o 
a case of an extremely fine display device wherein 
adjacent display pixels are located very close together, 
light from emissive element layer ol adjacent display plx> 
els can be prevented from being reflected off the cath- 
ode of a surrounded pixel and detouring Into the pixel. 4S 
£0008] The coloring on the Insulatlr^g film may also be 
implemented by mixing, for example, black pigment Into 
a resist ismprising a viscous resin, and applying the re- 
sist. 

[0069) The opening 68 virttlch serves as th9 contact so 
hole In the Insulating flim 19 corresponds to the white 
portion without slanted fines in Fig. 6. The insulating film 
19 overlaps the anode 61 al the peripheral portion of the 
anode 61. 

£0090] The insulabng fUm 19 may be composed of a 55 
single layer of Si02 film or SIN film, or a laminalion of 
those films. The insulaihig film 19 may also be a 
plartarizing film composed of SOG film, or a pranarizing 
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insulating film made Of photosensitive resin. It Is prefer- ; 
able to emplcy a planarlzing insulating film as the Insu- 
lating rilm 19 because the cathode 67 can then be 
formed Oa tly In an overlying layer, preventing diseonnec- : 
tlon. ! 
£0091] As In the above-dascrlbed embodiments, the 
present embodiment also prevents disconnection of the ! 
emissive element layer 66 due to uneven portions cre- 
ated by the thickness of the anoda 61, and therefore pre- 
vents formation of a short circuit between the anode 61 
and the cathode 57. Further, according to the present ' 
ernt>odiment, as the surface of the layer over the TFT is 
planarized, it is possible to form the transparent elec- I 
trode 61 over the TFT. Moreover, the present embodi- , 
ment reduces concentration of electric field at the edges > 
of the anode 6i, thereby suppressing deterferatton or • 
the emissive element layer 66. in addition, by providing 
the colored Insulating film 1 9 over a region includir^g at 
least the peripheral portion of the transparent anode and 
the areas over the TFT, light emitted from tf^ emissive 
element layer 66 Is prevented from reaching the TFT j 
underlying the emissive element layer 66. Irttreasa in 
leakage current of the TFT can thereby be avoWed. 
[0092] In the above embodlnr>ents, the TFTs were de- 
sctibed as having either the so<a lied bottom gaieatnio- 
ture with the gate electrodes disposed unctor the active 
layer or the top gate staicture. It is noted that Identical 
effects can be achieved in the present invention using j 
either of these structures. Although p-si film was used 
as the active layer in the above descr^tlon. email grain 
size crystalline silicon film or amorphoua silicon may al- 
so be used. 

[0093] In the above emt>odiments» the insulating film , 
1 9 and the planarlzing Insulating film 1 7 were liiustratad 
as being colored. However, regarding prevention of dla- I 
connectbn of tne emissive element layer due to the 
thickness of the arxxje to avoid formation of a short cir- 
cuit beh^een the anode 61 and tha cathode 67, end re- 
duction of concentration of eleclric field at the edges of 
the anode to suppress deterioration of the emissive el- 
ement layer, those eMects can be almilarty achieved 
even whan the Insulating film 19 and the planarlzing Ir^ 
suiating film 17 ere iransparanL 



Claims 

1* An emlash^e element composed by rormino a first 
electrode, an emissive element layer» and a aeoond 
electrode in that order; wherein: 

an lnsuiatlr>g film Is disposed on at least a pe- 
ripheral portion of said first electrode for separating 
said first electrode from said emisaiva element layer 
and^or aald aecond elactroda. 

2. A display device, comprising: 

an emissive element composed tiy forrhir^ a 
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first filecUode. an smissfve element layer, and n. The emissive element or ihe display device delined 
a second ©lecirode in that o/der, wherein in any one of Claims lio i o wherein- 
an Insulsting film Is disposed on least a pe- said insularins tilm disposed on at least a pe- 
ripheral portion of said first electrode for sepa- ripheral portion of said first electrode for separating 
raUng said first electrode from said emissive el- s said first electrode fromsald emissive elementleyer 
ement layer and/or said second electrode. and/or said second electrode is a planarizing Insu- 

lattr>g film. 

3. The display device defined in Claim £, wherefn: 

12. ThBeiTilssive element or the display device defined 

one Of said emissive elements Is provided for io in any one of Claims 1 lo 11, wherein: 

each Of pixels; said insulating film covering at teast a periph- 

said first eleclrode Is separately formed for eral portion of saM first electrode Is colored 
each or the pixels; atid 

said Insulating film covers a peripheral portion 
of said separately foxmed first electrode. 

4. The emissive eie ment or the display device defined 
in any one of Claims 1 to 3. wherein: 

said Insulating layer Is formed between said 
first electrode and saki emissive element layer. 

5b. The emissive e lement or the display device defi ned 
In any one of Clafms 1 to 4» wherein: 

said insu toting layer covers the peripheral 
portion of said first electrode, and includes an open- 
ing over satd first e teeirode, said opening having an 
e0ge portion forming a slope. 

6. The emissive element or the display device defined 
in Clatm 5, wherein: 

said edge portion of said opening slopes at an 
angle of elevation between 20* and 60' with reaped 
ID a horizontal plane of said first electrode. 

7, The emissive element or the disptey device defined 
In ar>y one of Claims i to 6. wherein: 

said hsulatlrig fUm overlaps said first alec* 
trade along entire peripheral ponton outlining said 
first electroda. 

B. The emissive element defined In any one of Claims 
1 to 7» wherein: 

said emissive element is an electrohjmlnes- 
cence alemant 

9. TDe emisshfe element or the display devfce defined 
in any one of Claims 1 to 6, wherein: 

said first electrode is connected to a thln-tflm 
Inanslstor. 

so 

10. The emisshre element or the display device defined 
in Claim 9p wherein: 

said first electrode of said emissive elemerrt 
Is tocated In a layer over said thin^ilm transistor wfth 
an ir>suiating film for Inrerlayer isolation disposed 
between said first eleclrode and said thin-fi^ tran- 
sistor. 



13. The emissive element or the display device defined 
In Claim 1 2. wherein: 

said insulating tiim is colored blade 

14» The emissive element or the display device defined 
in any one of Claims 1 to 13, whefein: 
«o said Insulating film covering at least a periph- 

eral portion of said lirsl electrode possesses a light- 
shielding property and^r a light-absorbing proper- 
ly. 

as 15- Theeml&srveelementorthedisplaydevlcedelined 
in any one off Claims 12 to 14, wherein: 

said Insulating film covering at least a periph- 
eral portion or said first electrode further covers a 
region where said thin-flim transistor connecting 

^ with said first electrode Is formed. 
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